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NATIONAL FOREWORD 

This Indian Standard (First Revision) which is identical with ISO 1 070 : 1 992 liquid flow measurement 
in open channels - Slope-area method' issued by the International Organization for Standardization 
(ISO) was adopted by the Bureau of Indian Standards on the recommendations of the Fluid Flow 
Measurement Sectional Committee (RVD 1 ) and approval of the River Valley Division Council. 

The text of the ISO standard has been approved as suitable for publication as Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should be 
read as Indian Standard'. 



b) Comma (,) has been used a decimal marker, while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 

Amendment 1 to the above International Standard has been incorporated. 

CROSS REFERENCES 

In this standard the following International Standards are referred to. Read in their place the following: 
International Standard Correspondinp Degree of Correspondence 



ISO 772: 1988 Liquid 
flow measurement in 
open channels - 
Vocabulary and symbols 



ISO 11 00-2: 1982 Liquid 
flow measurement in 
open channels ~ Part 2: 
Determination of the 
stage-discharge relation 



Corresponding 
Indian Standard 

IS 1191 : 1971 Glossary 
of terms and symbols 
used in connection with 
the measurement of liquid 
flow with a free surface 
(first revision) 

IS 291 4 : 1 964 Recommen- 
dations for estimation of 
discharge by establishing 
stage-discharge relation in 
open channels 



Based on earlier version of 
ISO 772 



Identical with some deviations 



The following International Standards have also been referred to for which there are no corresponding 
Indian Standards but they may be acceptable for use in conjunction with this standard : 

ISO 4373 : 1979 Measurement of liquid flow in open channels - Water level measuring devices 
[IS 4080 : 1 994 Vertical staff gauges - Functional requirements (first revision) and IS 91 1 6 : 1 979 
Specification for water stage recorder (float type) partly cover this International Standard] 

ISO 5168 : 1978 Measurement of fluid flow - Estimation of uncertainty of a flow rate measure- 
ment 
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Indian Standard 

LIQUID FLOW MEASUREMENT IN OPEN 
CHANNELS — SLOPE-AREA METHOD 

(First Revision) 



1 Scope 

This International Standard specifies a method of 
determining liquid flow in open channels from ob- 
servations of the surface slope and cross-sectional 
area of the channel. It is suitable for use under 
somewhat special conditions when direct measure- 
ment of discharge by more accurate methods, such 
as the velocity-area method, is not possible. 

The slope-area method can be used with reasonable 
accuracy in open channels having stable bound- 
aries, bed and sides (e.g. rock or very cohesive 
clay), In lined channels and in channels with rela- 
tively coarse material It may also be used In alluvial 
channels, including channels with overbank flow or 
non-uniform channel cross-sections, but in these 
cases the method is subject to large uncertainties 
owing to the selection of the rugosity coefficient 
(such as Manning's coefficient n or Chezy's coef- 
ficient cy 

Generally the method may be used to determine 
discharge 

a) at the time of determining gauge heights from a 
series of gauges; 

b) for a peak flow that left marks on a series of 
gauges or where peak stages were recorded by 
a series of gauges; 

c) for a peak flow that lefl high-water marks along 
the stream banks. 

This method is not suitable for use in very large 
channels, channels with very flat surface slopes and 
high sediment load or channels having significant 
curvature. 

Although the accuracy of the results given by the 
slope-area method is less than that of the results 
given by the velocity-area method, the slope-area 
method is sometimes the only method that can be 
used for determining the extreme high-stage end of 
rating curves in cases where the magnitude of 



floods is such that other methods of measuring dis- 
charge cannot be used. 

2 Nonnative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. All stan- 
dards are subject to revision, and parties to 
agreements based on this International Standard 
are encouraged to investigate the possibility of ap- 
plying the most recent editions of the standards In- 
dicated below. Members of lEC and ISO maintain 
registers of currently valid International Standards. 

ISO 772:1988, Liquid flow measurement in open 
channels — Vocabulary and symbols. 

ISO 11(X)-2:1982, Liquid flow measurement in open 
channels — Part 2: Determination of the stage- 
discharge relation. 

ISO 4373:1979, Measurement of liquid flow in open 
channels — Water level measuring devices. 

ISO 5168:1978, Measurement of fluid flow ~ Esti- 
mation of uncertainty of a flow-rate measurement 

3 Definitions 

For the purposes of this International Standard, the 
definitions given in ISO 772 apply. 

4 Principle of the method of measurement 

A measuring reach is chosen for which the mean 
area of the stream or river cross-section Is deter- 
mined and the surface slope of the flowing water In 
that reach is measured. The mean velocity is then 
established by using known empirical formulae 
which relate the velocity to the hydraulic mean 
depth, and the surface slope is corrected for the 
kinetic energy of the flowing water and the charac- 
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terislics of the bed and bed material. The discharge 
is computed as the product of the mean velocity and 
the mean area of the stream cross-section. 



5 Selection and demarcation of site 

5.1 Initial survey of site 

It Is recommended that approximate measurements 
of widths, depths and surface slopes should be 
made in a preliminary survey to decide whether the 
site is suitable and conforms, as far as possible, 
with the conditions specified in 5.2 and 5.3. These 
measurements should serve as a guide only. 

5.2 Selection of site 

5.2.1 There should be no progressive tendency for 
the river to scour or to deposit sediment. 

5.2.2 Ideally, the river reach should be straight, and 
should contain no large curvatures or meanders. 
There should not be any abrupt change In the bed 
slope in the measuring reach, as can occur In rocky 
channels. The cross-section should be uniform 
throughout the reach and free from obstructions. 
Preferably, vegetation should be minimal and as 
uniform as possible throughout the reach. 

5.2.3 The bed material should be similar In nature 
throughout the reach. 

5.2.4 Wherever possible, the length of the reach 
should be such that the difference between the wa- 
ter levels at the upstream and downstream gauges 
should be not less than ten times the uncertainty in 
the difference. When the uncertainty in the 
measurement of the water level at each gauge is 
similar, then the distance between the gauges 
should be sufficient for the fall to be not less than 
twenty times the uncertainty In measurement at one 
gauge. 

5.2.5 The flow in the reach should be free from 
significant disturbances due to the effect of tribu- 
taries. 

5.2.6 The flow In the channel should be contained 
within defined boundaries. If possible, reaches in 
which overbank flow conditions exist should not be 
selected. Where this is unavoidable, however, a 
reach In which there are no very shallow flows over 
the flood plain should be sought, but additional 
computations will be necessary in the determination 
of discharge. 

5.2.7 The site should not be subject to change in 
the flow regime from subcritical to supercritical or 
from supercritical to subcritical (but see 10.6). 



5.2.8 A converging reach should be selected In 
preference to an expanding reach. Rapidly expand- 
ing reaches should not be selected (see 10.4). 

5.2.9 The physical characteristics of the reach 
should be such that the time lag of flow in the reach 
may be negligible. 

5.3 Demarcation of site 

Once the measuring reach has been selected, 
cross-sections normal to the direction of flow shall 
be chosen and markers which are clearly visible and 
Identifiable shall be placed on both banks (see also 
9.1). A reference gauge, levelled to a standard da- 
tum, shall be installed (see 6.1). 

The site should be monitored to ensure that no 
physical changes occur which render It unsuitable. 
If changes do take place and the site cannot be 
successfully restored, a new site should be selected. 

6 Devices for measurement of slope 

6.1 Reference gauge 

The reference gauge shall comprise a well gauge, 
where feasible, preferably incorporating a vertical 
gaug6 rather than an inclined gauge. The vertical 
gauge (or inclined gauge) shall comply with 
ISO 4373. The markings shall be clear and accurate 
and shall cover the range of stage to be measured. 

The reference gauge shall be securely fixed to an 
immovable and rigid support in the stream and shall 
be correlated to a fixed benchmark by precise 
levelling to the national or another datum. 

6.2 Water-level recorder 

Water-level recorders (if used) shall comply with 
ISO 4373. 

6.3 Crest stage gauge 

A crest stage gauge is suitable for use where only 
the peak stage attained during a flood has to be de- 
termined. Peak discharges can be calculated from 
two or more gauges installed in a reach of the river, 
at locations suitable for defining cross-sectional 
profiles. 

6.4 High-water marlcs 

The stage and slope of peak flows can be deter- 
mined by surveying high-water marks in the 
measuring reach. Several types of high-water mark 
may be found, such as drift on banks, wash lines, 
seed lines on trees, mud lines, and drift in bushes 
or trees. Each high-water mark should be rated as 
excellent, good, fair or poor. This information will be 
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helpful when interpreting the high-water profile and 
slope. 

7 Procodiire for Installing gauges and 
making observations 

7.1 Installation 

Gauges shall be installed, on both banks of the river, 
at no fewer than three cross-sections, making a total 
of at least six gauges. The gauges shall be refer- 
enced to a common datum. 

7.2 Procedure for observation of gauges 

The gauges shall be read from such a position as to 
avoid all parallax errors. For each measurement, the 
gauge shall be observed continuously for a mini- 
mum period of 2 min or for the period of a complete 
oscillation, whichever Is the longer, and the maxi- 
mum and minimum readings taken and averaged. 

When using water-level recorders, an observer 
should check the time displayed on each recorder 
against an accurate clock before and after the 
measurement period and also during the measure- 
ment period. All gauges should be observed as fre- 
quently as is necessary to record significant 
changes in stage which occur during the measure- 
ment period. 

7.3 Other observations 

The date, time, weather conditions (especially wind 
speed and direction), direction of the flow, and con- 
ditions of vegetation at the time of measurement 
should be recorded. 

8 Computation of surface slope 

8.1 Computation of surface slope from 
gauges 

The surface slope Is computed from the gauge ob- 
servations at the upstream and downstream gauges 
delimiting the measuring reach, the intermediate 
gauge(s) being used to confirm that the slope is 
uniform throughout the reach. The gauges shall be 
read to the smallest marking on the gauge 

8.2 Computation of surface slope from 
high-water marks 

When accurate gauge levels do not exist or have 
been destroyed, the slope during the peak stage can 
be estimated from flood marks on the channel 
banks. Several reliable high-water marks for each 
bank shall be used to define the flow profile. Each 
high-water mark shall be deflned by its position 
along a baseline and a graphical plot shall be made 



so as to provide a visual profile of the high-water 
marks. Irregularities In the profile can be easily seen 
from such a plot, which will aid In the interpretation 
of the high-water proflle and the water surface 
slope. 

9 Cross-sections of the stream 

9.1 Number of crossrsectlons 

A minimum of three cross-sections of the selected 
measuring reach are generally desirable. These 
shall be clearly marked on the banks by means of 
masonry pillars or easily identifiable markers. The 
cross-sections shall be numbered so that the cross- 
section furthest upstream is identified as section 1, 
the adjacent cross-section downstream is identified 
as section 2, and so on. 

9.2 Measurement of cross-sectional profiles 

The profile of each of the cross-sections selected 
shall be measured at the same time at which the 
gauge observations are made, or as close as poss- 
ible to this time. It is often impossible to measure 
the cross-section during flood and therefore an error 
may be introduced in the flow determination owing 
to an unobserved and temporary change in cross- 
section. If the section is stable, however, it will be 
sufflcient to observe the cross-sections before and 
after a flood. Three cross-sectional proflles should 
be observed before and after floods where there is 
a difference in the velocities at the two ends of the 
reach. 

If, for any reason, it Is not possible to measure more 
than one cross-section, the central one only may be 
observed. 

10 Computation of discharge for 
non-uniform and composite cross-sections 

The discharge of a stream in a particular reach shall 
be calculated from the formula 

Q^KS^'^ . (1) 

where 

Q is the discharge; 

K is the conveyance; 

S is the friction slope. 

10.1 Computation of conveyance 
10.1.1 Non-unlfprm section 

When the channel section is in the form of a single 
channel but is not uniform between two cross- 
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sections, say sections 1 and 2. (It may be either 
converging or slightly expanding) the conveyance 
Af, and K^ of the upstream and downstream cross- 
sections respectively should be calculated. The 
mean conveyance for the reach will then be given 
by the geometric mean of the two values thus 



where 



Ko 



(2) 



is the conveyance of the upstream 
cross-section (section 1) 



1 



2/3 



1/ L_ A D^l 

is the conveyance of the down- 
stream cross-section (section 2) 



Atjj, n^ and n^ are Manning's coefficient of 
rugosity for the three com- 
ponents of the composite sec- 
tion. 

If the shape of the composite cross-section vanes 
between sections 1 and 2 then the conveyance fac- 
tors for both composite cross-sections 1 and 2 
should be evaluated separately and the mean 
conveyance of the reach should then be calculated 
following the procedure given in 10.1.1. It should be 
noted that, due to the momentum transfer across the 
vertical between the main channel and the flood plain, 
there may be an overestimation or underestimation of 
the discharge. 



V 



-/ 



n^ and n^ are Manning's coefTicient of 
rugosity (roughness) at section 1 
and section 2 respectively; 

/fi and /Ij are the cross-sectional areas at 
section 1 and section 2 respect- 
ively; 

/?^, and R^2 ^re the hydraulic radii at section 1 
and section 2 respectively. 



10.1.2 Composite section 

Rivers in the flood plain generally have composite 
cross-sections as illustrated in Figure 1. The 
conveyance for each component part of the section 
should be evaluated and summed to obtain the 
conveyance factor for the whole section, i.e. 



K^K,^K^-\-K^ 



Figure 1 — Composite cross-section of a channel 

10.2 Computation of the hydraulic radius 

The hydraulic radius /?^ at any section is the ratio 
of the area of flow A to the wetted perimeter P\ 



R -^ 



..(4) 



The area of flow, i.e. the aiea of the cross-section, 
and the wetted perimeter are computed as follows 
(see also figure 2). 

If the depths of flow of a channel, measured at dif- 
ferent points along a cross-section by sounding, are 

^,, Jj. ^3« ' <^n 1 ^^^ ^ = <^n = ^ (s^^ figure 2), the 
area of the cross-section may be computed as 



(3) 






(5) 



; 1 



where 



2/3 



f^B — 7^ ^a^^ha 



1/ ^A^ A l?2/3 



'^c " n ^c*^hc 



/'b and A^ 



^hai 



are the areas of the three 
components of the composite 
section; 



/?^t, and 7?^c ^re the hydraulic radii for the 
three components of the com- 
posite section; 



and the wetted perimeter may be computed as 



/'=EA'+(^.-^. / 



^>:e 



(6) 




Figure 2 — Cross*s«ctlon of a channel 
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10.3 Value of Manning's coefficient 

Where a reasonable value of Manning's coefficient 
of rugosity can be extrapolated from discharge 
measurements taken In the measuring reach by ac- 
curate methods, the values obtained may be used 
provided that there have been no subsequent 
changes in the channel characteristics. It should be 
borne in mind that the greater the extrapolation of 
the data, the less reliable the result will be. 

In the absence of measured data, the values given 
in table A. 1 may be used for channels with relatively 
coarse bed material and not characterized by bed 
formations, and those given in table A. 2 may be 
used for channels with other than coarse bed ma- 
terial and for channels having vegetation, clay and 
rocky banks, etc. Ripples, dunes, etc. may form in 
the sand beds of alluvial channels. Manning n and 
Chezy C coefTicient values can be estimated ap- 
proximately by applying relevant predictive 
equations using bed form geometry. 



10.4 Evaluation of the friction slope 

The friction slope S of the reach between sections 1 
and 2 (see figure 3) may be defined as 



(z, - Zp) -f 



a^v. 



ri 



0(9 V 



2^2 



S^ 



H 2^ 



(1 - ^e) 



/. 



(7) 



where 

z, - Z2 is the measured fall; 

nc, and ot2 are velocity head coefficients; 



K^ is the energy loss coefficient; 



V, and Vj are the mean velocities at section 1 



and section 2 respectively and are 
given by the ratio Q\A at the two 
sections; 

is the length of the channel reach. 



the computation, the true velocity head will be ex- 
pressed as otv^/2g where the value of a may be 
greater than 1 and the values of a^ and aj in com- 
posite cross-sections may be calculated from 



a, or (to = 






... (8) 



where 

K is the conveyance of the total cross-section; 

K^ is the conveyance of component /, where 
; = 1 to n\ 

A is the area of the total cross-section; 

//, is the area of component /. where /= 1 
to n. 



The velocity head coefficient may also be obtained 
from the following empirical equation 



a = 1 -I 0,88 0.34 4- 



1-^7^/c 



2.3 -h 0.3(77^ 



(9) 



where C is the Chezy coefficient. 



The energy head loss due to convergence or ex- 
pansion of the channel in the measuring reach is 
assumed to be equal to the difference in the velocity 
heads at the two sections considered multiplied by 
a coefficient (1 - K^. The value of K^ is taken to be 
zero for uniform and converging reaches and 0.5 for 
expanding reaches. The energy loss coefficient of 
0,5 for expanding reaches is an approximation, and 
therefore rapidly expanding reaches should not be 
selected for slope-area measurements 

For a converging reach, the friction slope to be used 
in the discharge calculation may therefore be cal- 
culated as 



(^t - h) + 



Ct,Y 



1M 



^2^2 



S^ 



2;? 2g 



. (10) 



In figures, the numerator of formula (7) is given by 

Owing to the non-uniform distribution of velocities 
over a channel section, the velocity head of an open 
channel flow is generally greater than the ex- 
pression v^l2g. When the energy principle is used in 



and tor expanding reaches, the friction slope is 
given by 



<7, -?2) + 0,5 



S = 



ajWj 



2fl 2x 



I. 



(11) 
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Croti-itcHon 1 Croit-itctfon 2 

Figure 3 -< Longitudinal section of a reach 



The friction slope S between two adjacent cross- 
sections can be determined by successive approxi- 
mation First, assume a value for the discharge Q 
A reasonable assumption can be made using the 
water-surface slope In place of the friction slope in 
equation (1). Then calculate v^ and \\ as Q\A^ and 
Q\A2^ respectively. Calculate all other values in 
equation (7) from cross-sectional properties and 
water-surface elevations at sections 1 and 2. Calcu- 
late the friction slope S using equation (7). Calculate 
the discharge Q using the calculated value of S and 
the geometric mean conveyance K. If this calculated 
value of Q agrees with the assumed value of Q, 
within reasonable limits, then the calculated values 
of 5 and ^ are correct. 



10.5 Computation of discharge using three or 
more cross-sections 

For reaches for which three or more cross-sections 
have been established, the discharge should be 
compMjted for each pair of adjacent sections. These 
computed discharges will most likely be different, 
and an average should be taken such that the en- 
ergy balance Is satisfied throughout the reach. This 
Is usually a trial-and-error procedure. 

Equations are available for these computations so 
as to avoid the trial-and-error method. The equation 
to be used for a reach with three cross-sections is 



Kl 



2^a; 



«l( -f )0-^e1 2) + 



f ^3 V 
+■ ^^2^ "^ I C^p 2 3 ~ '^e 1 2) 

f«3(1-'^.2 3)])^^' 



-f 



(12) 



10.6 State of flow 

After the Final discharge has been determined, the 
value of the Froude number. /t should be computed 
for each cross-section to evaluate the state of flow. 



Ir = 



...(13) 



where 

V 

d 



NOTE 1 
state. 



is the mean velocity; 

is the acceleration due to gravity; 

is the mean depth of the cross-section, 
which is the ratio of the area of the cross- 
section and the water surface width. 

When Tr = 1 the flow 's said to be In a critical 



Although the slope-area method may be used for 
both subcrltical (rr<1) and supercritical {Fr>^) 
flow, if the state of flow changes in the channel 
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reach from subcrltlcal to supercritical or vice versa, 
there is cause for further examination of the data. 

A change from supercritical to subcritical flow will 
create a hydraulic jump in the reach with its uncer- 
tain energy losses. A change from subcritical to 
supercritical flow might indicate a sudden con- 
traction (with contraction losses not evaluated) or a 
"free fall" in the water surface (discontinuous water 
surface slope not related to discharge in the Man- 
ning equation). Where high-water profiles are ob- 
tained, the sharp drop or jump may be evident and 
will show the computed discharge to be at fault. A 
gradual transition from subcritical to supercritical 
now is possible and might be verified by a continu- 
ous water surface profile; hence, the computed dis- 
charge may be accepted as valid. 



11 Computation of discharge for uniform 
cross-sections 

The discharge of a stream the cross-sections of 
which are uniform is the product of the mean cross- 
sectional area and the mean velocity of fiow in the 
reach: 

(?=v, J ...(14) 

where r, ^ is the mean velocity in the reach. 



11.1 Determination of the mean 
cross>sectional area and the mean wetted 
perimeter of the reach 

In natural streams it is very difficult to find a reach 
which has a uniform cross-section throughout its 
length. However, if the reach is substantially uniform 
and there are small but significant differences in tlie 
cross-sectional areas A^, A2, .., A^, determined in 
accordance with 10.2 at the chosen cross-section, 
the mean cross-sectional area A of the reach may 
be taken as 



A,-\~2A,-^..,^2A^^ , + /(, 
2(m-1) 



.(15) 



where m is the number of cross-sections chosen. 

The corresponding wetted perimeters shall then be 
determined and the mean wetted perimeter P may 
then be calculated as 



P, -h 2P, -h 



-^iPm-^ + Pm 



2(m-1) 



(16) 



NOTE 2 When the reach does not have a substantially 
uniform cross-section the use of equations (15) and (16) 
will not yield correct results. In such cases the 
conveyance for the upstream and downstream sections 
should be calculated as shown in 10.1.1. 



11.2 Determination of the mean velocity in the 
reach 



11.2.1 Using Manning's equation 

The mean velocity between two or more cross- 
sections (where A^ ^ A2. .., A J (see figure 3) when 
the fiow is not significantly different from steady fiow 
is given by the formula 



V, .. = 



n^/3o1/2 



.(17) 



where 



'\ m 



is the mean velocity In the reach 1 h- m; 



R,^AIP 
n 



is the arithmetic mean of the m values of 
Manning's rugosity coefficient for the 
cross-sections in the reach; 

is the water surface slope for the reach. 



11.2.2 Using Chezy's equation 

The mean velocity between two cross-sections for 
the same conditions as described in 11.2.1 is 



FfD c Vl^ 



^'1 ,n =■ ^ (/^h«^w) 



. (18) 



where CJ Is the arithmetic mean of the m values of 
Chezy's discharge coefficient for the cross-sections 
in the reach. 



Chezy's coefficient may be expressed in the form 



The value of y can be obtained from the equation 
specified in ISO 11(X)-2. . 

While Manning's and Chezy's formulae are well es- 
tablished and are generally used, there are other 
formulae, currently in use. which are valid over 
short ranges of mean velocity. 

In the absence of measured data the value of C may 
be taken from table A. 1 and table A. 2 for conditions 
similar to those stated for Manning's coefficient n in 
10.3, or it may be obtained by calculation using the 
relationship between C and n given in equation (19). 



11.3 Correction of discharge 

When the fiood rise is rapid, the discharge estimated 
on the assumption of steady fiow requires to be 
corrected as described in ISO 1100-2:1982, annex E. 
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12 Uncertainties in flow measurement 



12.1 Errors 

The calculation of the uncertainty in the measure- 
nnent of flow shall be carried out in accordance with 
ISO 5168. For convenience, the main procedures to 
be followed when measuring flow by the slope-area 
method are given hereafter. 

No measurement of a physical quantity can be free 
from errors which may be systematic (or fixed), 
arising from a lack of accuracy in the measuring 
equipment, or random, caused by a lack of sensi- 
tivity in the measuring equipment, etc. Systematic 
errors are unaffected by repetition of the measure- 
ments and can only be reduced by employing more 
accurate equipment. Repetition can, however, be 
used to reduce the uncertainty caused by random 
errors, the precision of the average of m repeated 
measurements being J7n times better than that of 
the individual points. A further distinction between 
the two types of error is that whilst the random 
component can be fairly easily estimated statisti- 
cally, the magnitude of any systematic error can 
only be determined if the results obtained can be 
compared with those for some error-free procedure. 

For the purposes of this International Standard the 
uncertainties used are those associated with the 
95 % confidence limits about the mean. From a 
practical viewpoint these may be defined as the 
bandwidth about the calculated value which on an 
average of 19 times in 20 will contain the true value. 



Substituting for v from equation (14), 



rt/2 



. . (21) 



Thus, irrespective of the equation used, the overall 
uncertainty will include 

a) the uncertainty in the estimation of the area, 

b) the uncertainty in the estimation of the slope, 

c) the uncertainty in the estimation of the wetted 
perimeter, and 

d) the uncertainty in the estimation of the coefficient 
of rugosity. 

12.2.2 Determination of individual components of 
uncertainty In the discharge calculation 

12.2.2.1 Uncertainty in the calculation of the mean 
cross-sectional area 

The uncertainty In the mean cross-sectional area 
Xt of a reach may be regarded as being composed 
ofthe following three separate components: 

a) uncertainties due to errors in measurement; 



12.2 Methods of calculation 

12.2.1 Sources of uncertainties for a uniform reach 

From equation (14) 

where v and A are the mean velocity and the mean 
area respectively. Using Manning's equation 
[equation (17)] 



V = 



n^/3o1/2 



where R^^AjP. 

Substituting for v from equation (14), 



Q = 



K'^S^'A 



n 



(20) 



Similarly, using Chezy's equation [equation (18)] 



b) uncertainties due to differences between as- 
sumed and actual shapes of the panels and to 
the number of panels selected; 

c) uncertainties due to intrinsic differences In 
cross-sectional area throughout the reach. 

Of these uncertainties it is likely that c) will be by far 
the greatest. Where only a limited number of cross- 
sections have been measured, the uncertainty c) will 
need to be assessed subjectively and should take 
into account any specialized knowledge of the 
reach. In view ofthe very approximate nature ofthe 
slope-area method, the assessment should also 
take Into account the uncertainties a) and b). 

12.2.2.2 Uncertainty in the calculation of the mean 
wetted perimeter 

The uncertainty in the mean wetted perimeter Xp 
may also be divided into the three components 

a) uncertainties due to errors In measurement, 

b) uncertainties due to differences between as- 
sumed and actual shapes ofthe bed, and 
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c) uncertainties due to Intrinsic differences in wet- 
ted perimeter throughout the reach, 

again with c) being the largest component. As in 
12.22.1, the assessment will need to be made 
subjectively taking into account any known facts 
concerning the reach and including a suitable al- 
lowance for the uncertainties a) and b). 

12.2.2.3 Relationship between the uncertainties in 
the cross-sectional area and in the wetted perimeter 

Since both the cross-sectional area and the wetted 
perimeter are determined from the same measure- 
ments of breadth and depth, their values will not be 
independent and the uncertainty in the discharge 
should be decreased to take this relationship into 
account. However, in view of the difficulty of quanti- 
fying the uncertainty and of assessing the effect of 
the changes in cross-sectional areas and wetted 
perimeters through the reach, it is suggested that 
this factor be omitted from the calculation. 

12.2.2.4 Uncertainties in determination of the 
friction slope 

The uncertainty in the determination of the friction 
slope will depend on 

a) uncertainties in the gauge readings, 

b) uncertainties due to corrections for non-uniform 
slope, and 

c) uncertainties due to the reduction of the ob- 
served slope to the friction slope, 

with a) probably forming the most important com- 
ponent, especially where the slope Is determined 
from high-water marks. The assessment of the un- 
certainty a) may be facilitated by taking several 
consecutive readings of the gauges in question over 
a period of steady state flow and comparing the dif- 
ferences in the slopes obtained. The assessment 
should also contain an allowance for the uncer- 
tainties b) and c). 

12.2.2.5 Uncertainty due to choice of the rugosity 
coefficient 

The uncertainty in the rugosity coefTicient used will 
Include one or more of the following components: 

a) uncertainties in the extrapolation of the rating 
curve; 



b) uncertainties due to the verification of channel 
characteristics; 

c) errors of judgement in the selection of n or C 

The assessment of the magnitude of such uncer- 
tainties is particularly difficult and is again largely a 
question of judgement. However, as experience of 
the method is gained, this difficulty is likely to re- 
duce It should be noted that once a value has been 
selected, any uncertainty introduced will be system- 
atic rather than random, causing either an over- 
estimate or an under-estlmate of the mean. 
Nevertheless, the sign and magnitude of these un- 
certainties are unknown and it is only possible to 
assess the range subjectively. The uncertainty due 
to this source should then be taken as half of the 
estimated range and treated as random. 

12.2.3 Overall uncertainty In the measurement of 
discharge 

If the percentage random uncertainties in cross- 
sectional area, slope and wetted perimeter are de- 
noted by .Vj, X^, Xp and the percentage random 
uncertainties in n and C by X^ and X^ respectively, 
the overall percentage random uncertainty in dis- 
charge may be obtained using Manning's equation 
[see equation (20)] as 



±{K' 



+ 



25 
9 



A-^^ 



x'.' + 



1^.') 



1/2 



(22) 



and, using Chezy's equation [see equation (21)] as 



''^Q-±{'^'c+i^hi^'s+i^^9) 



1/? 



(23) 



Similarly, considering that the probability distri- 
bution of the possible values of each systematic 
component is essentially Gaussian, ttie overall per- 
centage systematic uncertainty in the discharge, 
Xq, may be calculated frpm the component percent- 
age systematic uncertainties by the root-sum-square 
method. The random and systematic uncertainties 
may then be combined as stated in ISO 5168 to ob- 
tain the overall uncertainty, 
measurement 



Xq, in the discharge 



/'2\1/2 



Xq-±{X^-^Xq') 

NOTE 3 The largest single uncertainties in equations 
(22) and (23) are in the values of X'„ and X'r^. Although it is 
difficult to give typical values, values of .V^ of 40 % 
(95 °'o confidence level) are not unknown. 
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Annex A 

(informative) 

Approximate values of coefficients n and C for open ciiannels 



Table A. 1 and table A. 2 Indicate the coefficients n 
and C which may be used subject to the following 
observations. 



a) The values given for the coefficients in table A. 1 
and table A. 2 are not comprehensive and should 
be used only as a guide; appreciable error will 
be introduced when /?h is small and the size of 



the bed material is large. 



b) In table A 1 and table A. 2, the values of n and C 
are in SI units (to be multiplied by 1,811 for con- 
version to FPS units). 



c) Chezy's and Manning's coefficients are inter- 
related . for the bed conditions mentioned in 
table A.I and table A. 2. With the use of 
NIkuradse's coefficient, the bed conditions may 
be defined more explicitly, but further research 
is required before its general acceptance. 

d) It is advantageous to determine the range of 
roughness on natural channels by measurement, 
to photograph the channels on colour stereo 
slides and to record their corresponding verified 
coefficients, for guidance in the selection of co- 
efficients for a reach under survey. Appropriate 
values of the coefficients may thus be selected 
by visual comparison. 



Table A.I — Coefficients for channels with relatively coarse bed material and not characterized by bed 

formations 


Type of bed 
material 


Size of bed material 

mm 


Manning's coefficient 

n 


Chezy's coefficient C for the following values of j\ 


/?H= 1 m 


R^ = 2,5 m 


7?,-5m 


7?^ = 10 m 


Gravel 


4 to 8 


0,019 to 0,020 


53 to 50 


61 to 58 


69 to 65 


77 to 73 




8 to 20 


0.020 to 0.022 


50 to 45 


58 to 53 


65 to 59 


73 to 67 




20 to 60 


0,022 to 0.027 


45 to 37 


53 to 43 


59 to 48 


67 to 54 


Pebbles and 


60 to 110 


0,027 to 0,030 


37 to 33 


43 to 39 


48 to 44 


54 to 49 


shingle 


110 to 250 


0,030 to 0,035 


33 to 29 


39 to 33 


44 to 37 


49 to 42 
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Table A.2 - CMfflciento for chann«lt otner than thoM with coana l>«d matmial 





Type of channel and desctiptlon 


Maiwilngt 








/?h-.1 m 


ir,»-2.5m 


Rh-5m 


/?H - 10 m 1 


A 


Excavated or dredged 

a) Earth, straight and uniform 














1 Clean, recently completed 


0,010 to 0,020 


63 to 50 


72 to 58 


81 to 65 


91 to 73 




2 Clean, after weathering 


0,018 to 0,025 


55 to 40 


64 to 40 


72 to 52 


81 to 59 




3 With short grass, few weeds 


0,022 to 0,033 


45 to 30 


5310 35 


59 to 40 


67 to 44 




b) Rock cuts 














1 Smooth and uniform 


0,025 to 0,040 


40 to 25 


40 to 29 


52 to 33 


59 to 37 




2 Jagged and Irregular 


0,035 to 0,050 


29 to 20 


33 to 23 


37 to 20 


42 to 29 


B. 


Natural streams 

B.I Minor streams 

(top width at flood stage less than 30 m) 

a) Streams on plains 

Clean, straight, full stage, no rifts or 














deep pools 


0,025 to 0,033 


40 to 30 


40 to 35 


52 to 40 


59lo44 




B.2 Flood plains 














a) Pasture, no brush 














1 Short grass 


0,025 to 0,035 


40 to 29 


40 to 33 


52 to 37 


59 to 42 




2 High grass 


0,030 to 0.050 


33 to 20 


39 to 23 


44 to 20 


49 to 29 




b) Cultivated areas 














1 No crop 


0,020 to 0,040 


50 to 25 


56 to 29 


05 to 33 


73 to 37 




2 Mature row crops 


0,025 to 0,045 


40 to 22 


40 to 20 


52 to 29 


59 to 33 




3 Mature field crops 


0,030 to 0,050 


33 to 20 


39 to 23 


44 to 20 


49 to 29 




c) Brush 














1 Scattered brush, heavy weeds 


0,035 to 0,070 


29 to 14 


33 to 17 


37 to 19 


42 to 21 




2 Light brush and trees (without 














foliage) 


0,035 to 0,060 


29 to 17 


33 to 19 


37 to 22 


42 to 24 




3 Light brush and trees (with foliage) 


0,040 to 0,080 


25 to 12 


29 to 14 


33 to 10 


37 to 18 




4 Medium to dense brush (without 














foliage) 


0,045 to 0,110 


22 to 9 


20 to 10,5 


29 to 12 


33 to 13 




5 Medium to dense brush (with 














foliage) 


0,070 to 0,160 


14 to 6,5 


17 to 7,5 


19 to 8 


21 to0 




d) Trees 














1 Cleared land with tree stumps, no 














sprouts 


0,030 to 0,050 


33 to 20 


39 to 23 


44 to 20 


49 to 29 




2 Same as above, but with heavy 














growth of sprouts 


0,050 to 0,080 


20 to 12 


23 to 14 


26 to 16 


29 to 18 




3 Heavy stand of timber, a few felled 














trees, little undergrowth, flood stage 














below branches 


0,080 to 0,120 


12 to 8,5 


14 to 9,5 


16 to 11 


18 to 12 




4 Same as at>ove, but with flood stage 














reaching branches 


0,100 to 0,160 


10 to 6,5 


12 to 7,5 


13 to 8 


15 to 9 




5 Dense willows, In mid-summer 


0,1 10 to 0,200 


9 to 5 


10,5 to 6 


12 to 6,5 


13 to 7,5 
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(informative) 
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